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Sources of Low Energy Events

•Supernova Neutrinos

•De-excitation Gammas

• Intrinsic Backgrounds:  Ar39 et al.

• (Plus others I won’t mention.)
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Supernova Neutrinos
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Supernova Neutrinos
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Core Collapse 
supernovae release a 

LOT of energy.

(Different from the 
“standard candle” 

supernova from dark 
energy searches)

Emits a LOT of 
neutrinos

SN1987A
51.4 kpc away in the Large 

Magellanic Cloud
(Closest to Earth since 1604)
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Why care about SN Neutrinos?

• Determine the 
mass heirarchy?

• Effects of 
Oscillation?
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Neutrino Physics Supernova Physics

• Distance to the 
supernova? 

• Probe of supernova 
models through the 
time and energy 
spectra of neutrinos
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Time Signature of Events

6

Neutrino signal of electron-
capture supernovae from core 

collapse to cooling
L. Hudepohl et al.

http://arxiv.org/pdf/
0912.0260v3.pdf

I. Tamborra (Max Planck Institute, 
Munich)

Presentation to MicroBooNE R&D 
Group

http://arxiv.org/pdf/0912.0260v3.pdf
http://arxiv.org/pdf/0912.0260v3.pdf
http://arxiv.org/pdf/0912.0260v3.pdf
http://arxiv.org/pdf/0912.0260v3.pdf
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Supernova Spectrum
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With large theta13, there is 
total conversion to electron 

neutrinos from mu, tau.

Bottom line: we expect supernova neutrinos to be around 
~20 MeV.

*F. Cavanna
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Supernova Events in uBoone
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How many events will we 
see?Rate is: Flux * CrossSection * Detector 
Size

*F. Cavanna

⌫e +Ar ! K⇤ + e�

(Charged Current 
Absorption)

At supernova energies, in 
MicroBooNE, we expect to see 

15-30 neutrino absorption events 
from a galactic supernova.
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Events in the Detector

• Expected signature: a short but extended electron track, plus 
several small, one or two hit “tracks” from the de-excitation of 
the nucleus.
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De-excitation Gammas

The gammas give energy to electrons as they travel through the 
argon, can interact via:

• Compton Scattering
• Photoelectric Effect
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Compton

Compton

Photoelectric

ARTIST’S RENDITION
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De-Excitation Gammas in 
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0.4 MeV 1.1 MeV

0.34 MeV

1.3 MeV
2 MeV

1 MeV
0.9 MeV

0.5 MeV

Can have multiple gammas, each can have multiple 
interactions.

Further complication: there are other particles that 
can have similar signatures!

Preliminary
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Reconstructing Low-E 
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With tracks that are shorter 
than a wire spacing, how 

do we know dx?

Use the track pitch as dx, 
and calculate dE.  In the 

linear region, this ought to 
give the real dE up to some 

calibration...

ArgoNeuT Collaboration, B. Baller et. al
http://arxiv.org/abs/1306.1712

http://arxiv.org/abs/1306.1712
http://arxiv.org/abs/1306.1712
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Argon 39

• How do we know 
we are getting 
this right?

• Need some low 
energy 
calibration.  
Argon 39 beta 
decay is an 
excellent 
candidate to 
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39Ar !39 K + e� + ⌫̄e

WARP Collaboration, Measurement of the 
specific activity of 39Ar in natural argon
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Backgrounds in Liquid Ar
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WARP Collaboration, Measurement of the specific activity of 39Ar in natural argon
http://arxiv.org/pdf/astro-ph/0603131v2.pdf

http://arxiv.org/pdf/astro-ph/0603131v2.pdf
http://arxiv.org/pdf/astro-ph/0603131v2.pdf
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Argon 39 (?) in ArgoNeuT
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Preliminary

ArgoNeuT Data
WARP Data
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Our prospects of seeing these 
interactions in MicroBooNE
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Will we see a supernova?
I hope 
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Wikipedia has some 

SNEWS: SuperNova 

•Super K

• IceCube

•LVD

•Borexino
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Will we see a de-excitation 
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Plenty.

Yes.
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Will we see a Argon 39?
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Maybe.

The cosmic backgrounds in 
MicroBooNE could be challenging.

ArgoNeuT expects an event once every 
~30 frames.  Scale to MicroBooNE 

volume: ~10 events per frame.

Can we spot it over the background?
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Summary
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There are plenty of interesting physics 
opportunities at the lowest end of our 

detector resolution!

More Questions?


